individual vines at each C. corindum site, and from 6 trees at the K. paniculata site. The first experiment tested the effects of the seed coat on juvenile survival. All rearing Chambers) at 28°C during the day and 27.5°C at night, 50% relative humidity with a 14:10 1 1 2 light:dark cycle, following spring climate conditions in the field and those used in earlier work 1 1 3 (Carroll et al. 1998; Cenzer 2016b) . Adults collected from the field in April 2014 were housed as hatching to reduce egg cannibalism and housed individually in mesh-lidded cups lined with filter 1 2 0 paper with a water pick and a seed of their assigned rearing host treatment. Juveniles were distributed in a split-brood cross-rearing design, such that full siblings 1 2 2 from all families were represented in all treatments. Upon hatching, juveniles were randomly and tightening the pliers just until a crack formed in the seedcoat. Seven days after hatching, additional seeds (a total of 2 for K. elegans and 3 for C. corindum, for a total seed mass of 1 2 7 ~150mg) were added to each juvenile's container. Individual containers were rotated daily within 1 2 8 mesh boxes, and boxes were rotated daily within the growth chamber. Water, paper and cotton 1 2 9
were changed weekly. Nymph survival and whether or not they had reached adulthood was 1 3 0 assessed daily. Upon reaching adulthood, bugs were allowed 1 day for the exoskeleton to harden 1 3 1 and were then frozen at -20°C for morphological analyses. All analyses were conducted in R version 3.3.3 ("Another Canoe"). The sets of models variable, all models were compared using relative probability based on the Akaike Information Criterion (AIC, a metric that ranks the relative quality of a set of models based on fit and 1 3 7 7 simplicity). All models with a >5% probability of being the best model out of the set were all examined models, models were directly compared using Chi-squared tests. The specific test 1 4 0 statistics and effect sizes reported in the results section were taken from the model with the 1 4 1 highest probability.
4 2
The performance cost of the seed coat (H1) was evaluated by including the seed early and late in development, survival was subset into the first week of development ("early")
and after the first week ("late"). For total, early, and late survival, all possible models including considered. These models were also analyzed as generalized linear mixed models with the 1 5 0 random factor of individual population nested within ancestral host and the random factor of 1 5 1 family nested within individual population. Survival was modeled using a binomial distribution. The response variables development time and body size had reduced sample sizes in 1 5 3 some treatments due to strong treatment effects on survival. Therefore, only a subset of models were considered for these variables. For development time, all models with the main effects of interaction were compared. For body size, which is highly dimorphic between sexes, models 1 5 7
with pairwise interactions with sex were also considered. For development time, I used a Gamma Gaussian error distribution and tested residuals for normality using Shapiro-Wilk normality tests. The second experiment tested whether prior feeding by adults could mimic the effects of 1 6 3 cracking the seedcoat barrier. The two seed treatments were intact seeds and seeds that had 1 6 4 experienced prior feeding by adults. To produce the prior feeding treatment, I used adult soapberry bugs of mixed sex results of these treatments did not differ qualitatively from those on the other two hosts, and
there was no evidence of local adaptation to K. paniculata, indicating that adults from this host hours without food to ensure hunger. Seeds of all three species were soaked for 18 hours to 1 7 2 encourage adult feeding. Vented Petri dishes were set up with filter paper, a water pick, and two adults of mixed sex were introduced into dishes assigned to the prior feeding treatment; dishes 1 7 5 assigned to the intact treatment had no adults. Petri dishes were returned to the incubator and remained for an average of 55 hours before being used for rearing. This method resulted in 94.7-
98.9% of seeds assigned to the prior feeding treatment receiving visible feeding damage. If a 1 7 8 seed was assigned to the prior feeding treatment and did not show visible signs of feeding, it was 1 7 9 not used in the experiment. This exclusion may have created a bias such that very poor quality 1 8 0 seeds might not have been used in the prior feeding treatment due to filtering by adult choice. (Fig. 1) . The availability of seeds per bug was less than one (unpublished data) on C. corindum, to complete removal of all resources and is not well represented by a point sample. seed treatments (intact and prior feeding). The number of holes in each seed was recorded before 1 9 2 each juvenile began feeding. Model selection and reporting follow the same procedures as described above for 1 9 5 Experiment 1. Total and early survival, development time, and body size were all analyzed using the 1 9 7 same sets of models considered above in Experiment 1. Early survival was substantially lower in 1 9 8 some treatments in this experiment, and late survival was therefore analyzed using a subset of In order to address the hypothesis that changes in survival, development time, and body were run only on data from the prior feeding treatment to distinguish the main treatment effect 2 0 6 from the effect of hole number. This effect was evaluated using the same models that were 2 0 7 considered for each response variable on the full dataset, but replacing seed treatment with hole 2 0 8 number.
0 9
It should be noted that variation in hole number was produced by adult feeding decisions 2 1 0 rather than by direct manipulation. Therefore, analyses of hole number may be testing the effect (ie, seed toughness) rather than the direct effect of hole number itself. In Experiment 1, the cracked seed treatment produced a dramatic increase in survival Nymph mortality was heavily skewed towards very young individuals, such that 94% of 2 1 9 nymph mortality occurred in the first 7 days after hatching (Fig. S1 ). During this early period, C. corindum and K. elegans (z-values=5.91, 2.12; p<0.001, p=0.034) (Fig. 2a) . The cracked p=0.001) (Fig. 2c ) that did not differ detectably between host plants. On C. corindum, juveniles in the cracked seedcoat treatment developed more quickly 2 2 5 than those on the intact treatment (t-value=-2.65, p=0.01, df=199); cracking the seedcoat was 2 2 6 neutral on K. elegans (t-value=-1.28, p=0.2) (Fig. 4a) . Juveniles in the cracked and intact seed 2 2 7 treatments did not differ in their final adult body size (Fig. 5a ). Results for early survival in Experiment 2 parallel those in Experiment 1. Juveniles in the 2 3 2 prior feeding treatment had a significantly higher probability of surviving to adulthood than 2 3 3 juveniles on the intact seed treatment on both rearing hosts (z-value=5.18, p<0.001). This effect was produced by increased early survival in the prior feeding treatment on both C. corindum and K. elegans (z-values=6.94, 5.72; p<0.001) (Fig. 2b) . Consistent with a shared mechanism between Experiments 1 and 2, there was a strong and positive effect of the number of holes drilled by adults in each seed on survival to day 7 in the prior feeding treatment (z-value=2.15, 2 3 8 p=0.03) (Fig. 3a) . In contrast, the effects of the prior feeding treatment later in development were no longer value=0.43, p=0.6) (Fig. 2d) . Increasing the number of holes within the prior feeding treatment 2 4 5 had a strong negative effect on survival after day 7 independent of rearing host (z-value=-2.27, 2 4 6 p=0.02) (Fig. 3b) .
4 7
The prior feeding treatment also increased the amount of time it took to reach adulthood 2 4 8 (t-value=-4.18, p<0.001, df=78) (Fig. 4b) . Consistent with the treatment effect, each additional 2 4 9
